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SOME ENDOCRINE ASPECTS OF SKIN SENSITIZATION AND
PRIMARY IRRITATION*
II. OBSERVATIONS ON THE INFLUENCE OF ADRENALECTOMY ON CUTANEOUS
IRRITATION AND SENSITIZATION INDUCED BY VARIOUS CHEMICAL COMPOUNDS
AXE NILZEN, M.D.t
It is known from the research of the past few years that anaphylactic, allergic
and immuno-biologic phenomena are subject to the influence of the adrenal
cortex hormone. Clinical and animal experiments have shown that anaphylactic
and allergic reactions may be alleviated or even suppressed entirely by the
administration of cortisone. Furthermore, immunity may be affected by corti-
sone, although the evidence on this point is conflicting (among others, see
BjØrneboe et al., J. Exp. Med. 93: 73, 1951).
The influence of cortisone upon non-specific, e.g., those evoked by chemical
stimuli, tissue reactions has also been studied. In these investigations a decrease
in tissue reactivity was observed when cortisone was administered systemically
(Rayan et al. (1), Gross (2), Taubenhaus and Amromin (3), Nilzén (4)). On
application of test doses Nilzén moreover was able to demonstrate a certain
attenuation of the cutaneous response, as well as slight inhibition of sensitization,
in guinea pigs sensitized to 2.4-dinitrochlorobenzene (DNB). This inhibition of
sensitization was also noted by Miescher and Sonck (5). Frey and Bächtold
(6), on the other hand, were unable to establish the influence of cortisone upon
cutaneous reactivity in respect of DNB. When cortisone was applied topically
Nilzén (4) did not observe any alteration of the skin responses, either to primary
irritants or to test does of DNB applied to DNB-sensitized animals. Goldman
et al. (7, 8) in human experiments also failed to note any influence upon patch-
tests of topically applied or locally injected cortisone. However, with Com-
pound F acetate they found a local inhibitory effect on the eczematous reaction.
Since it is not possible to do away with the normal hormone production without
mutilating surgery, we have been forced so far to remove different glands in
order to collect evidence as to the influence of a specific endocrine gland. If a
gland produces several hormones, this procedure will not yield information as
to the specific effect of a particular hormone unless the hormone is supplied
extrinsically after operation. Dosage, however, is difficult in this instance, and
moreover not all the hormones are available in pure form.
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In spite of the fact that a serious disturbance of the physiologic equilibrium is
caused by the removal of an endocrine gland, I have used adrenalectomized
animals in the present investigation to determine how the loss or severe injury
to the adrenals can affect the mechanism of cutaneous sensitization.
The mortality of guinea pigs following adrenalectomy is very high. However,
the guinea pig is the only animal which can be used in the experimental study
of eczematoid reactions. Because of the difficulty of having an adequate number
of adrenalectomized animals surviving for detailed studies, the problems were
limited to the following.
1. Does adrenalectomy affect the reactivity of the skin?
(a) as measured by the responses evoked by test doses of DNB in sensitized guinea
pigs?
(b) as measured by the responses evoked by primary irritants?
2. Does adrenalectomy affect the time of sensitization?
3. Does adrenalectomy affect the transfer of sensitivity from DNB-sensitized on to
normal animals via the plasma or blood cells?
For comparison, analogous experiments were performed with adrenalectomized
mice. Rostenberg et al. (9) claimed that it was difficult, if not impossible, to
sensitize mice by epidermal application of DNB, nor did this species produce
anaphylactic reactions to protein antigens. However, Dougherty (13) reported
that it was possible to sensitize adrenalectomized mice and to provoke anaphy-
lactic symptoms in them. It seems possible, then, that adrenalectomy may con-
ceivably affect epidermal allergy even in this animal which is so difficult to
sensitize.
MATERIALS AND METHODS
Normal white guinea pigs of either sex were used. The operations were performed under
ether anesthesia in two stages with at least a two days interval between operations. An
incision having been made close to and below the insertion of the diaphragm, two ribs were
divided, and the adrenal pedicle was clamped with a curved forceps. The adrenal was then
excised and the bleeding stopped with an high frequency desiccating needle which was then
used to burn out the entire wound cavity also. Since serious hemorrhage was apt to occur
even in spite of these precautions, the entire cavity was packed with sterile gauze, which
was allowed to remain for about 20 minutes and then removed. In most instances this was
sufficient to arrest bleeding. Sulfonamide powder was then introduced into the cavity, and
the incision was closed with silk sutures.
Guinea pigs seriously affected by the operation for two days following the second stage
were given small doses of adrenalin by subcutaneous injection.
The same technic was used for white mice, except that both adrenals were removed at
once. For three days the mice were given 1 per cent saline to drink.
using the procedure previously described in guinea pigs and mice, DNB-sensitization
was carried out with a 30 per cent acetone solution.
The control animals were subjected to a similar operation, at which the peritoneum and
abdominal wall were traumatized both with scissors and the needle-point cautery until
tissue injury and loss of blood were considered about equal to that encountered during
adrenalectomy.
The tests were made according to the principles proposed in preceding papers.4 14
The transfer of sensitization was carried out as follows. Non-sensitized recipients were
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treated with the whole blood or plasma of the donors. The blood, collected from the latter
by heart puncture, was either immediately introduced into the peritoneal cavity of a re-
cipient or centrifuged in a centrifugation tube containing a drop of heparin solution, the
plasma (cell-free) was removed by means of a pipette and intraperitoneally injected. On
the following day the recipients were tested, and still another test was performed on the
third day following the passive transfer.
RESULTS
In by far the major proportion of the adrenalectomized guinea pigs cutaneous
reactivity proved enhanced. This was evidenced both by shorter latent periods
(the interval between application of test drug and appearance of response) and
by the skin reacting to lower concentrations of the test substance (DNB) than
prior to operation or in the controls (see Tables 1 and 2). The animals 3, 4 and
356 in Table 1 presented somewhat weaker responses as compared with the other
experiments in the same table. There is the possibility that they were not sen-
sitized, since the interval between sensitization and testing was comparatively
short. This is all the more probable since the controls 3C, 40 and 3560 as well
as, above all, the controls A and B in Table 2, the latter of which had not been
operated upon, showed weak, if any, responses to test doses of DNB. However,
the adrenalectomized guinea pigs did react to test doses of DNB, that ordinarily
evoke a response in sensitized animals only. It might be supposed that adrenalec-
tomized guinea pigs need less time to become sensitized, or that their skins more
readily respond with an inflammatory reaction than those of animals subjected
to sham operation or the normal controls.
Most guinea pigs, whether adrenalectomized or subjected to the trauma
operation, were in a very poor postoperative condition. In contradistinction to
the animals treated with sham operation, the adrenalectomized guinea pigs
(in spite of their postoperative shock) presented a fair cutaneous reactivity.
Plasma from 10 adrenalectomized guinea pigs was transferred to 10 normal
animals, 6 of which responded with erythema after application of test doses of
DNB. On repeated testing of 4 of these, 3 were negative, and in a single animal
the reaction persisted (for details see Table 3). In the control series passive trans-
fer from animals with intact adrenals produced a positive reaction in one animal.
To each of the adrenalectomized animals, croton oil was also applied (100,
50, 10, 5 and 1 per cent). The croton oil was diluted with olive oil. There seemed
to be a certain tendency towards enhanced skin irritability in the adrenalecto-
mized as compared with the control animals. Owing to the difficulty of placing
these solutions (since the skin over the abdomen had to be used), no definite
evidence of the influence of adrenalectomy on primary irritation was obtained.
The application of 1 per cent DNB dissolved in alcohol to the skin of a normal
mouse after 24 hours produced a mild erythematous reaction. No gross skin
alteration was produced by 0.25 per cent DNB dissolved in alcohol, nor did
adrenalectomized mice respond with erythema to this dose, whether applied 2
days or a week after operation.
When 10 days prior to operation a drop or two of 30 per cent DNB dissolved
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in acetone had been rubbed into the skin, 0.25 per cent DNB in alcoholic solution
did not produce a response either. In the control animals there was nothing to
suggest sensitization to DNB by means of the above technic.
TABLE 3
Pas8ive transfer of the hypersensitiveness from adrenalectomized guinea-pigs sensitized to
:4-dinitrochlorobenzene
DONOK
NUMBER
420
DATE OF
TRANSFUSION
April 26
OF PLASMA
3 ml.
DATE OP
TESTING
April 27
April 28
DATE OP
OBSERVATION
April 28
April 29
SKIN RZAeTION To DNB
DNE in alcohol
0.1% 0.05%
+ —
— —
DNB in oil
1% 0.5%
+ +
— —
1 April 24 6 ml. blood April 25
April 26
April 26
April27
April 27
+
+
—
—
—
—
+
+
—
—
—
—
331 April 3 ml.
3 ml. cells (to
another
recipient)
April 16
April 16
April 17
18
April 17
18
+
-
—
—
—
-
—
—
+
+
—
—
+
+
—
—
440 May 31 5 ml. June 1
June2
June 2
3
June3
4
—
-
—
—
—
-
—
—
—
+
—
—
—
+
—
—
333 April 16 5 ml.
3 ml. cells (to
another
recipient)
April 17
April 20
April 17
April 20
April 18
19
April 21
April 18
April 21
++
+
—
+
—
+
+
—
—
—
+
+
+
+
+
+
+
—
+
+
5 Febr. 1 10 ml. blood Feb. 2 Febr. 3
4
+
—
+
—
+
—
DISCUSSION
It is difficult to decide whether the tendency towards enhanced cutaneous
reactivity in adrenalectomized guinea pigs sensitized to DNB, as observed in the
present study, is due to a higher degree of sensitization or to a general depression
of the systemic defenses.
Evidence in favor of the former supposition is provided by the fact that more
adrenalectomized guinea pigs than control animals gave positive passive traris-
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fers. There are controversial reports in the literature pertaining to the relation-
ship of adrenalectomy to immunity-allergy, and there are no definite statements
which indicate an increase in circulating antibodies following the removal of the
adrenals. However, several workers (among others Voilmer et al. (10), BjØrnboe
et al. (11)) have pointed out that in rabbits ACTH and adrenal cortex hormone
affect the immunity level. Theoretically, it is therefore possible that the lack of
adrenal cortex hormone caused by adrenalectomy will also affect immunity level.
The results of the passive transfer experiments recorded here might be taken to
indicate that adrenalectomy is followed by a rise in the amount of antibodies
FrG. 1. Biopsy 24 hours after application of 1 per cent DNB in olive oil to the skin of
a normal guinea-pig which 24 hours previously was injected intraperitoneally with plasma
of Animal 331.
present in the blood, or by a delivery of antibodies to the plasma. Haxthausen
(12) has recently reported on experiments in which transfer of DNB-sensitivity
via blood cells or plasma from normal, sensitized guinea pigs on to normal
animals was unsuccessful.
As has been stated above, in the present investigation I was able to produce
slight but distinct erythema in recipients by applying the test solutions. In all
instances the test sites were examined histologically. It should be emphasized that
it is hard to decide whether a skin test is positive because of a specific sensitivity,
or whether the reaction produced is due to non-specific irritation.
In my opinion, the histologic picture of a skin reaction caused by a primarily
irritating concentration of DNB in a guinea pig not sensitized does not differ
from that of a specific response in a sensitized guinea pig. Hence it is impossible
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to state confidently, on the basis of the histologic picture, whether a skin reac-
tion is positive in the specific sense. The passive transfer experiments ln the
control group yielded in one instance a positive skin reaction, whereas the re-
maining recipients were grossly negative. This difference of the rates of positive
reactions would seem to suggest that the experiments with adrenalectomized
animals should be considered evidence of an actual transfer of the hypersensitive-
ness. On the other hand, among a group of five, two guiiiea pigs not sensitized
nor used in previous experiments presented mild erythema after application of 1
Fic. 2. Biopsy 24 hours after application of olive oil to the skin of a normal, not sensi-
tized guinea-pig.
per cent DNB dissolved in olive oil and of olive oil alone. The histologic pictures
were largely identical with those of the reactions produced in the recipients,
though there was a quantitative difference between positive transfers and reac-
tions evoked by e.g. pure olive oil. There was some thickening of the epidermis
and spongiosis, the blood vessels in the corium were somewhat dilated, and
slight leukocytic infiltration occurred in the upper layers of the corium. No
difference could be established between the above groups as regards the ratio,
mononuclears to polynuclears. (For details of the histologic pictures discussed
here, see Figs. 1—4).
On the basis of the comparatively few experiments recorded in the present
paper, I should not like to state that passive transfer of the hypersensitiveness
was successful, particularly since the control experiments mentioned in the fore-
going might seem to suggest that the reactions observed in the recipients were
nonspecific. There is thus no definite evidence that the enhanced cutaneous reac-
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FIG. 3. Biopsy 24 hoGrs after application of 1 per cent DNB in olive oil to the skin of a
normal, not sensitized guinea-pig.
FIG. 4. Biopsy of normal skin. (The specimens 2, 3, and 4 were taken from the same
guinea-pig.)
S
4
1W
vM a 'p
"k.g r'
-
S
'
-tt
,1
a-
A.- .S.
•1
.0
;:
4 r
S
- I-.
a.
a
F a
P
4. -
tel
Ct... —$t •.
—
a
atte
.
a ,
b_s —.
..
a
'1
"C'S
44
51
350 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
tivity, which was demonstrated in adrenaleetomized guinea pigs, is due to a higher
degree of sensitization.
The other supposition, i.e. that the systemic defense is weakened in adrenalec-
tomized animals, appears more reasonable. It is well known from the literature
on stress that adrenalectomized animals are much more sensitive than normal
animals to systemic stress. The adrenal cortex also seems to be highly important
to topical defense reactions brought about by exposure to local stress, e.g. bac-
terial or chemical irritants (Selye (13)). Further, the experiments with croton
oil carried out in the present study seem to suggest that the skin of adrenalcc-
tomized animals is more easily irritated, at least by croton oil, than that of the
controls.
Curiously enough, the skin of adrenalectomized mice failed to show enhanced
reactivity, although it had been reported that in mice anaphylactic phenomena
are intensified by adrenalectomy. This discrepancy, however, might perhaps be
explained, at least partly, by the fact that minute changes in cutaneous reactivity
arc more difficult to observe in mice than in guinea pigs.
CONCLUSION
The tendency toward enhanced cutaneous reactivity, which after adrenalec-
tomy or serious injury to the adrenals is displayed by guiuea pigs sensitized to
DNB, is considered due to a weakened topical defense mechanism owing to the
lack of adrenal cortex hormone. There has been no investigation in this study
as to what adrenal cortical hormone is responsible for the phenomena observed,
nor whether a hormone produced by the adrenal medulla is possibly of sig-
nificance as to the problems here under discussiou.
SUMMARY
1. In guinea pigs sensitized to 2:4-dinitrochlorbcnzene (DNB) cutaneous
reactivity to test doses of DNB is enhanced by adrenalectomy or serious injury
to the adreuals,
2. The time of sensitization seems to be shorter after adrenalectomy.
3. In guinea pigs cutaneous reactivity to primary irritants is enhanced by
adrenalectomy or serious injury to the adrenals.
4. Transfer of plasma, from guinea pigs sensitized to DNB and adrenalecto-
mized, to normal guinea pigs produced positive skin reactions in a larger propor-
tion of recipients than in the controls. On the basis of the comparatively few
experiments, and owing to the difficulty of interpreting the skin reactions, it
could not be stated that passive transfer of the hypersensitiveness was successful.
5. In mice, adrenalectomy failed to raise cutaneous sensitivity to primarily
irritating doses of DNB. It was not possible to sensitize normal or adrenalec-
tomized mice to DNB.
6. The rise in cutaneous reactivity which in guinea pigs was observed to follow
upon adrenalectomy may be due to the fact that the adrenal cortex is important
to the topical defense reaction.
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